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Germicidal Activity OF Soaps

A study of the comparative germicidal valve of

rosin soaps and soaps of individual fatty acids

By L. 8. Stuart and W. D. Pobde

HE germicidal activity of com-
mercial soaps and the soaps of
the individual fatty acids has
been the subject of many investiga-
tions since Koch (9) first pointed
out in 1881 their apparent antibac-
terial action. A complete critical
review of the literature on the germi-
cidal action of soap is beyond the

scope of this investigation. Klarmann
(8) in 1933 published a review of

the work done up to that time in
which he attempted to gather the
widely scattered information found
in the scientific, technical and trade
journals, and subject it to a critical
analysis. This was a monumental
task and it provides some fairly con-
crete conceptions with regard to the
germicidal activities of soaps. (Ed.
Note. See also “Are Soaps Germi-
cidal,” Soap and Sanitary Chemicals,
Jan., 1941, p. 23.)

There are no reports devoted
primarily to rosin soaps or soaps
containing rosin, although a few
investigators have reported tests on
sodium resinate and products bear-
ing the name, at least, of sodium
abietate. Others have reported re-
sults of tests made on brown bar (11)
laundry soaps, which usually contain
considerable sodium resinate, and the
summation of these reports would
indicate a possible germicidal su-
periority of sodium resinate and
soaps containing rosin over fatty
acid soaps. Using Staphylococcus
aureus as a test organism, Walker
(17, 18, 19) found sodium resinate
to have greater germicidal activity
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than soaps of the common acids pre-
sent in soap oils and fats such as
caprylic, lauric, myristic, palmitic,
oleic, and lineolic acids.
With the fatty acid soaps, using
selected strains of pneumococci and
streptococci as test organisms, he
found the intensity of the bactericidal
action increased with increasing
molecular weight of the acid up to
lauric acid. Acids higher in the
series than lauric produced soaps of
less germicidal potency. Eberthella
typhi was found to be more suscep-
tible to the action of soaps of the
saturated acids such as lauric and
myristic, occurring in coconut oil,
than to soaps of the unsaturated
acids. His results with sodium resi-
nate when Eberthella typhi was used
showed this seap to have an activity
only slightly less than that of coco-
nut oil soap at a temperature of
20° C. and equivalent to that of coco-
nut oil soap at 35° C.

stearic,

The observation by Walker
(18) that resin soap was much more
effective  against  Staphylococcus
aureus than fatty acid soaps, and
almost equally as effective as coco-
nut oil soap against Eberthella typhi,
seems to have attracted no attention.

The germicidal activity of
rosin soaps has been given primary
consideration in this investigation.
Effort has been directed toward the
establishment of the relative bac-
tericidal activity of rosin soaps and
fatty acid soaps, the determination
of the relative bactericidal activities
of soaps made from rosin acids found
in and derived from rosin and the
examination of the factors that may

influence the bactericidal activity of
rosin soaps either alone or blended
with the fatty acid soaps. This study
was undertaken as a part of the in-
vestigational program of the Naval
Stores Research Division designed to
determine the properties contributed
to soaps by the soaps of rosin and
rosin acids, rosin and modified rosin.

For brevity the term “rosin
soap” will be used to designate any
soap made from rosin or rosin acids.
All soaps made from an individual
fatty acid or mixed fatty acid will
be designated as “fatty acid soaps.”
“Soaps containing rosin” will refer
to all soaps containing both fatty
acid and rosin soaps.

In the past some have con-
sidered rosin to be 90 per cent abietic
acid. This does not appear to be
so (13), and some confusion in the
literature has resulted from calling
sodium resinate or rosin soap sodium
abietate. The term abietic acid will
be applied only to the rosin acid
formed by acid isomerization of rosin
acids and purified by recrystalliza-
tion of the quarter salt of abietic acid.

Rosins contain 5 to 10 per
cent of neutral material (sometimes
referred to as resenes) and unless
special steps are taken the sodium
resinate or rosin soap will contain
this neutrz! material. Rosins may
also vary in composition with respect
to the various kinds of rosin acids and
amounts of oxidized rosin acids
present. Sodium resinate will vary,
therefore, in composition, depending
upon the rosin from which it is made.
Since rosin is produced by steam
distilling gum obtained from both



the longleaf and slash pine, rosins
made from these two gums will be
considered separately. The amount
of oxidized resin and rosin acids in
rosin depends upon the conditions
of collecting and handling the gum
and the subscquent treatment the
rosin receives. In studying the effect
of the presence of oxidized rosin
acids on the germicidal activity of
a rosin soap, a rosin was oxidized
far more than the commercial gum
rosins in order that the influence
of the soaps of oxidized rosin acids
might more easily be detected.

Pyroabietic acid, a stable
prodact derived from rosin, was
selected for comparison with normal
gum rosin. Pyroabietic acid contains
dehydroabietic acid, dihydroabietic
acid, and tetrahydroabietic acid (6).

To determine the effects of dif-
ferences in the structure of the rosin
acids on the germicidal activity of
their corresponding soaps, rosin acids
containing varying amounts of hydro-
gen in the molecule were studied.

The rosins, rosin acids, de-
rived rosin acids, fatty acids, and
natural vegetable oil acids selected
for the preparation of test soap solu-
tions are listed together with pertinent
information relative to chemical com-
position, special methods of prepara-
tion, collection or source of each
selected products as follows:

Rosin Products

Slash Rosin—Rosin from slash pine
gum collected in raised clay cups,
using aluminum aprons.

Longleaf Rosin—Rosin from - long-
leaf pine gum collected in raised
clay cups, using aluminum aprons.

Oxidized Rosin—Longleaf rosin pow-
dered and exposed to air in thin
layer for over six months.

Pyroabietic Acids — Prepared from
abietic acid by heating to 250° C.
and using Pd-C for a catalyst (5).

Dehydroabietic Acid—Separated from
pyroabietic, m.p. 170° C.; [«a]
20

—+61°. (4)

Abietic Acid—Prepared by isomeriz-
ing rosin acids with HC1 and puri-
fving the abietic acid by recrystal-

lization of the quarter salt of

20
abietic acid. [«] —87° (12)

Dilhydroabietic Acid _ Prepared by
hydrogenation of abietic acid and

purified by recrystallization; m.p.

20
129.131° C.; [«] —3°.
D

Tetrahydroabietic Acid’——Prepared by
hydrogenating abietic acid and
purifying by recrystallization. Neg-
ative to tetranitromethane test for
unsaturation.

Fatty Acids and Natural
Vegetable Oil Acids

Caprylic Acid—n-Caprylic acid from
Eastman Kodak Co.

Lauric Acid—From Wecoline Prod-
ucts, Inc. Acid no. 272-275, Sap.
no. 280, Iodine no. 1.5-2.0.

Myristic Acid — From Woburn De-
greasing Co., technical myristic
acid. Acid no. 237-243, Sap. no.
240-246, Iodine no. 4-13.

Palmitic Acid — Product from vac-
uum distillation of technical pal-
mitic acid from J. T. Baker Chemi-
cal Co.

Stearic Acid — Wecoline Products,
Inc. Acid no. 202-203, Sap. no.
203-204, Iodine value, less than 1.

Oleic Acid—Wecoline Products, Inc.
Acid no. 199-201, Sap. no. 200-202,
Iodine no. 88-89.

Linseed Qil Acids—Wecoline Prod-
ucts, Inc. Acid no. 198-200, Sap.
no. 202, Iodine no. 179-182.

Coconut Oil Acids—Woburn Degreas-
ing Co. Acid no. 260-270. Sap.
no. 263-274, Iodine no. 9-15.

Palm Oil Acids—Woburn Degreas-
ing Co. Acid no. 196-203, Sap no.
198-206, Iodine no. 40-55.

UE to hydrolysis, rosin

D soaps, fatty acid soaps,

and all usual household and toilet
soaps give an alkaline reaction in
water. Frequently household soaps
contain builders. Bar soaps and soap
flakes for household use in solutions
at concentrations of 0.25 and 0.5 per
cent were found to have pH values
within the range of 10.0 to 10.4 when
tested with a glass electrode (Beck-
man pH meter). At the concentra-
tions and under the conditions that

toilet soaps are usually employed the’
pH should be lower than the fore-
going figures since hydrolysis of soap
decreases as its concentration in solu-
tion increases (0).

Some workers (2, 8) have as-
sociated the germicidal action of soap
with its hydrolysis and contend that
the germicidal activity is due to the
action of the hydroxyl ion formed.
Others (8) have expressed doubt as
to the influence of the hydroxyl ion
formed by hydrolysis, inasmuch as
its concentration is only on the order
of 0.0001 N. From the chemical view-
point it would appear that for strict
comparizons as to the relative bac-
tericidal activity of soaps derived
from various organic acids, tests
should be made within or close to the
pH range governed by the dissocia-
tion of the alkali salts of the specific
acid being studied, and not neces-
sarily at a common pH level.

Experiments run at higher pH
values may reflect common cation or
Tilley and
Schaffer (15) have shown clearly that
the activity of coconut oil soaps is
increased by the action of a common
cation. Cade and Halvorson (1) have
found a similar action with the alkali
salts of certain phenols and the bac-
tericidal effect of the hydroxyl ion
itself at relatively high concentrations
(pH 12 or higher) is well established
(1031, Tests run at pH values lower
than that characteristic of the alkali
salt could be expected to reflect the
activity of the aliphatic or rosin acid
itself or ‘the combined activity of a
lowered concentration of the alkali
salt and acid. A scrutiny of the meth-
ods employed in previous investiga-
tions on the germicidal activity of
soap solutions reveals many examples

hydroxyl ion activity.

of comparisons made at various ar-
bitrarily selected pH levels outside
the pH range characteristic of soaps.
The value of such determinations is
limited definitely to the specific pH at
which they were made. In the ab-
sence of data showing the activity at
the normal pH of the soap itself, it
is difficult to say with certainty how
useful the results are for comparative
purposes. It is interesting to note that
Walker (17, 18, 19), although re-

porting no pH measurements, pre-



pared his test soaps in a manner
(which should have given him pH
values) characteristic of the soaps
studied. Thus, from a comparative
standpoint, the works of Walker de-
serve special consideration.

Before conducting experiments
on soap solutions, the germicidal ac-
tivity of alkali and some alkaline salt
solutions was determined to establish:
(1) A knowledge of the resistance of
Staphylococcus aureus to alkaline so-
lutions; (2) the effect of temperature
on the germicidal activity of alkaline
solutions; (3) the effectiveness of 5
and 10 per cent alcohol solutions at
an alkalinity comparable to that of
soap solutions for killing a test or-
ganism. These studies were necessary
preliminaries to the selection of the
most suitable pH and temperature for
testing and to provide evidence as to
the suitability of methods of com-
pounding test soap solutions.

All laboratory methods em-
ployed in the testing of germicides
are necessarily more or less empiri-
cal. Frequently in vitro method re-
sults are expressed as coefficients de-
termined by comparing the time or
concentration necessary to completely
kill selected organisms with that of an
arbitrary standard, such as phenol.
It was believed, however, that for
direct comparative work with the ma-
terials at the concentrations to be
studied, an accelerated death time
method as employed by Cade and
Halvorson (2) for testing soaps and
alkaline detergents, or a slight modi-
fication of this method, would be
more informative. Results obtained
with this method are most easily ex-
pressed by survival time curves.

In all tests 15 ml. of the solu-
tion being studied was pipetted with
a sterile pipette into sterilized lipped
pyrex test tubes 25 by 150 mm. The
tube containing the test material was
immediately suspended in a thermo-
statically controlled constant tem-
perature water bath and the contents
allowed to come to the desired tem-
perature. Transfer of the test organ-
isms to the tube was made with a
single standard loop. The specifica-
tions for this loop are given by
Ruehle and Brewer (14). Using the

Table 1.—Germicidal Action of Alkali and Alkaline Salt Solutions
at 30° C. against Staphylococcus aureus.

Plate count

Composition ph of Exposure time in minutes

of solution solution 10 20
H.O (distilled) ............ 6.8 4160 3840 3712 3712 3584
085% NaCl ................ 7.0 4106 4160 4106 3840 4160
5% Alcohol (by volume)

(4 Na,CO,) ............. 10.1 3712 3840 3712 3776 3776
10% Alcohol (by volume)

(4 Na,CO,) ............. 10.1 3978 3904 4096 4352 4352
NaOH ..................... 10.0 2752 2432 2240 2048 1664
NaOH ..................... 11.0 3840 3072 3072 2304 2048
KOH ...................... 10.0 4480 3008 2752 2032 1792
KOH ...................... 11.0 3072 2560 2486 2496 1408
Na,CO; .................... 10.1 2816 2304 2112 1920 1792
Na.CO; ...l 11.1 - 2436 1856 1664 1664 1664
Na,PO,.12H,O .............. 10.0 2752 1920 1472 1152 768
Na,PO.12H,O .............. 11.0 4096 3136 2752 2048 1664
Na,Si0,5H,0 .............. 10.0 2496 5000+ 50004 2048 1664
Na,SiO.5H,0 .............. 11.0 2560 2496 1984 1664 768

same standard loop, the tube contain-
ing the solution being tested and the
test organisms was sampled at inter-
vals of 1, 2, 5, 10, and 20 minutes.
These standard loop samples were
transferred to tubes containing 15 ml.
of sterilized nutrient agar maintained
at 45° C. This agar was immediately
poured into a sterile petri dish and
allowed to solidify. As soon there-
after as possible the plates were
placed in an incubator for 48 hours
at 30° C. Counts were then made
using a Quebec colony counting
chamber.

The composition of the nutri-
ent agar employed was the same as
that specified by Ruehle and Brewer
(14) for the maintenance of stock
cultures. The test organisms em-
ployed were Staphylococcus aureus,
Escherichia coli and Eberthella typhi.
Prior to use all test cultures were
grown in plain nutrient broth for not
less than 20 and not more than 24
hours at 37.5° C. The nutrient broth
employed conformed to the specifica-
tions for plain broth established by
the Food and Drug Administration of
the U. S. Department of Agriculture
for tests to determine phenol coeffi-
cients (14).

Preliminary tests with tap
water, distilled water and physio-
logical saline indicated that by fol-
lowing the procedure as outlined
above the colony density on plates
having the maximum number of
colonies would not be great enough
to introduce a large factor of error in
counting when the Quebec colony

counting chamber was employed. In
most instances the tests have borne
out this indication.

Control plates prepared by the
method adopted using Staphylococcus
aureus gave petri dish population
density between 3,000 and 4,000
colonies. This is admittedly a very
heavy seeding of colonies, but by em-
ploying the Quebec colony counting
chamber quite precise counts could
be obtained as judged by the ability
of the operator to duplicate counts
from the same plate.

The results of determinations
with water, physiological saline, di-
lute alcohol solutions at pH 10, alkali
and alkaline salt solutions having a
pH of 10 and 11, and solutions of
sodium hydroxide at pH values of
10, 11, 12, and 13 at temperatures
ranging from 20° to 45° C., are given
in Tables 1 and 2. '

In Table 1 the counts indicate
a slight though progressive death rate
for the test organism in distilled
water over a period of 20 minutes.
In 0.85 per cent sodium chloride this
slight death rate was not observed.
The count after 20 minutes’ exposure
was as great as that found after a one-
minute exposure. The counts in 5 and
10 per cent alcohol solutions made
alkaline to pH 10.1 with sodium car-
bonate were equivalently as large,
within the range of experimental
error, as those found with 0.85 per’
cent sodium chloride and showed no’
progressive decrease with exposure
time. It would appear, therefore, that



5 and 10 per cent alcohol in the soap
solutions does not have any appre-
ciable direct germicidal action.

The counts for solutions of
sodium hydroxide, potassium hy-
droxide, sodium carbonate, trisodium
phosphate and sodium metasilicate at
pH 10.0 and 11.0 were, on the whole,
slightly lower than those found for
distilled water, 0.85 per cent sodium
chloride, or the dilute alcohol—
sodium carbonate solutions. With the
exception of the sodium metasilicate
solution at pH 10.0, all of these solu-
tions showed small, though consistent,
decreases in counts as the exposure
time increased. The rate of this de-
crease appeared to be, in general, of
the same order of magnitude at both
pH 10 and 11. It would appear, then,
that at 30° C. and these pH values,
the alkalies and alkaline builders do
exert a direct, though slight, bac-
tericidal action.

The pronounced increase in

count with the solution of sodium -

metasilicate at pH 10 after 2 and 5
minutes’ exposure, followed by an
abrupt decrease after 10 minutes’ ex-
posure is particularly interesting. This
phenomenon was observed in repeated
tests, and is apparently caused by a
dispersing action on the natural grape-
like groupings of staphylococci thus
making the plate count higher. Mi-
croscopic stains made of smears from
test solutions at the exposure intervals
designated indicate a dispersing ac-
tion. This suggests that dispersion
may be one of the first phases in the
killing action of certain alkalies. The
high plate counts resulting from this
dispersion indicate the empirical na-
ture of the plate counts, since it shows
plainly that the initial number of
individual cells in the test suspension
is actually far greater than the plate
counts made from distilled water and
physiological saline show.

A similar, though less pro-
nounced and not quite so consistent,
observation of this dispersing action
with time was found at 30° C. with
NaOH solutions at pH 11 (see Table
2). That the dispersing action is also
influenced by concentration of alkali
is clearly illustrated by the counts
recorded by Table 2 at 30° C. and
35° C. for one minute at pH 10, 11,

12, and 13. Here the counts at pH
11 and 12 are much higher than those
found at pH 10 and at pH 13 the
counts show a marked drop. With the
longer intervals of exposure the in-
creased count is only observed at
pH 11, whereas with the shorter time
intervals it appears at both pH 11
and pH 12.

The experiments on the effect
of pH and temperature on alkali ger-
micidal activity show quite clearly
that at 35° C. or lower the alkali does
not show appreciable germicidal ac-
tivity unless the pH is greater than
11. At 45° C. a marked germicidal
action was observed at all of the pH
values. From the results presented in
Tables 1 and 2, the selection of a
temperature of 30° C. and a pH value
of about 10 for comparing the ger-
micidal action of the soap solutions
would be expected to minimize or
almost eliminate the direct germicidal
action of the elevated temperatures
and hydroxyl ion.

Soap solutions for testing were
prepared from the materials previ-
ously tested according to the follow-
ing procedure:

Two grams of rosin, resin or
rosin acid, fatty acid or mixture of
fatty acids, was dissolved in 12 ml.
of 95 per cent alcohol, 6 drops of

phenolphthalein were added and the
solution neutralized with approxi-
mately 2 N NaOH to the phenol-
phthalein end point. This solution
was poured into 50 ml. of approxi-
mately 0.01 per cent sodium car-
bonate and then diluted to 200 ml.
with 0.01 per cent sodium carbonate.
This procedure gave soap solutions
with pH values between 10.0 and 10.4.
For soap solutions with a pH of 11,
0.2 per cent sodium carbonate was
used in place of the 0.01 per cent
sodium carbonate. Soap solutions
containing 0.5, 0.25 and 0.1 per cent
rosin or fatty acids were prepared by
diluting the solution containing 1 per
cent rosin or fatty acid with the
proper amount of sodium carbonate
solution.

To determine the influence of
0.01 per cent sodium carbonate on the
germicidal activity of soap solutions,
tests were made on 0.25 per cent solu-
tions with and without the added
buffer. The results for sodium laurate
are given in Table 3.

No appreciable difference was
found between the germicidal activity
of soap solutions with and without
0.01 per cent sodium carbonate. The
pH of 0.1 to 1.0 per cent aqueous
solutions of the sodium salts of the

Table 2.—Effect of Temperature on the Germicidal Action of Sodium
Hydroxide Solutions Against Staphylococcus aureus.

Plate count!

pH of Temperature Exposure time in minutes
solution of solution 2 5 10 20
degrees C.
10 oL 20 2304 1728 1728 1792 1728
10 .. 30 1856 1664 1600 1472 1344
10 oo, 35 1600 1600 1536 1536 1472
10 oo, 40 1536 1472 1152 1152 960
10 oo, 45 1472 768 312 188 4
11 . 20 1728 1728 1728 2688 2368
11 . 30 3200 3264 3456 3968 3435
11 . 35 2048 1536 1536 1536 1536
11 .o 40 1536 1408 1408 1088 300
11 oo 45 1152 608 138 6 0
12 oo 20 1792 1984 1728 384 118
12 . 30 3008 2048 2048 78 8
12 o 35 3072 2176 6 0
12 o 40 1408 1216 1216 6 0
12 .o 45 11 0 0 0 0
13 20 90 5 1 1 1
13 o 30 100 9 2 0 0
13 . 35 22 0 0 0 0
13 . 40 3 1 0 0 0
13 45 0 0 0 0 0

1 Control plate count 3 to 4 thousand.



Table 10.—Germicidal Activity at 30° C. of Fatty Acid and Fatty Acid-

Rosin Soap Solutions at pH 10.2 against Escherichia coli.
Plate Count!*

Concentration of Solutions

Ratio of 1.0 Per Cent 0.5 Per Cent 0.25 Per Cent
Soap Components Exposure time in minutes Exposure time in minutes Exposure time in minutes

Solution by Weight 1 2 5 10 20 1 2 5 10 20 1 2 5 10 20

Made from
Slash pine Rosin? .... 576 5 2 0 0 616 512 124 56 .. 1792 1088 960 640 ..
Coconut oil Acids..... 18 5 0 0 0 704 515 256 256 256 768 512 204 128 96
Palm Oil Acids........ 2240 2240 2240 2240 2240 2240 1920 1920 1920 1920 2432 2432 2432 2432 2432
Palm Oil Acids—

Coconut Oil Acids... 3-1 1984 1600 512 384 176 2304 1920 1600 1408 896 2660 2660 2660 2660 2304
Palm Oil Acids— )

Slash pine Rosin.... 3-1 2368 1984 1216 = 264 58 2304 2304 1984 1920 832 1546 1280 1088 704 640
Coconut Oil Acids—

Sldash pine Rosin.... 3-1 7 0 0 0 0 308 138 24 12 8 48 370 264 42 24
Palm Oil Acids—

Coconut Oil Acids— )

Slash pine Rosin.... 2-1-1 1600 768 82 8 7 704 448 104 48 41 1024 632 768 586 320

1 Control plate count approximately 3,000.
3 Slash pine rosins used in all combinations.

indicated less germicidal activity
than when the gels were melted at
55° C. and cooled to 30° C. and then
tested. Activity appeared to decrease
with time with test solutions that
tend to set to gels at 30° C. In these
studies all such soap solutions were
heated to 55° C. and then cooled to
30° C. and tested as soon thereafter
as they came to temperature. In this
way the effect of the physical state
of the solution has been minimized.

The influence of temperature
on the germicidal activity of soap
solutions is of interest when con-
sidering possible results in connec-
tion with a particular use. The data
from a few tests on the effect of
temperature on the germicidal ac-
tivity of selected soaps against
Staphylococcus aureus are given in

Table 11.

The counts in Table 11 em-
phasize the desirability of using
35° C. or less and accurately con-
trolling the temperature for com-
parative bactericidal tests on soap
solutions. When temperatures higher
than 30° C. are used the germicidal
activities of the soaps appear to ap-
proach each other, and the differences
between the various soaps are more
difficult or impossible to determine
with certainty. At temperatures of
40° C. or higher, all of the soap
solutions become more germicidal in
the concentrations tested.

Some of the data presented
in tables 2, 4,5, 6, 7, 9, 10, and 11

Table 11.—Effect of Temperature on Germicidal Activity of Soap
Solutions at pH 10.2 against Staphylococcus aureus.

Ratio of
Concentration components

Plate Count !

after exposing te soap
solution for 5 min. at?

Soap solutions of solution by weight 25° 30° 35° 40° 45°

Made from Per Cent
Palm oil acids—

coconut oil acids...... 1.0 3-1 184 76 2 1 0
Palm oil acids—

coconut oil acids...... 0.5 3-1 188 92 16 2 0
Palm oil acids—

coconut oil acids...... 0.25 3-1 284 - 94 34 3 2
Palm oil acids........... 1.0 el 288 146 33 4 0
Palm oil acids—

coconut oil acids...... 1.0 3-1 184 76 2 1 0
Palm oil acids—

coconut oil acids—

rosin ...........0...... 1.0 2-1-1 117 26 2 1 0
Sodium hydroxide — pH 10.0 1664 1536 1152 312

1 Control plate count 3 to 4 thousand.
2 Degrees

have been graphically analyzed. In
Plates 1, 2, and 3 graphs are pre-
sented. In these figures the log
of the number of surviving bacteria
is plotted against the factors of time,
temperature, pH and concentration.
The rate of the death of bacterial
cells as influenced by germicides is
usually considered to be a logarithmic
function of the initial number of
organisms present.

In Plate 1 survival curves of
Staphylococcus aureus with time for
0.5 per cent solutions of palm oil,
linseed oil, coconut oil and slash
rosin soaps are plotted. The superior
germicidal activity of the slash rosin
soap over these natural oil soaps is
obvious. In plate 1, figure 2, the
survival curves of Staphylococcus
aureus with time for 0.25 per cent
solutions of the purified fatty acid

soaps may be compared with that
of a purified abietic acid soap. Here
the superiority of the rosin acid soap
over fatty acid soaps is plainly in-
dicated. In plate 1, figure 3, the
survival curves of Staphylococcus
aureus with time for 0.25 per cent
solutions of the soaps made from
normal gum rosin, oxidized gum
rosin and pyroabietic acid plainly
indicates the differences in germicidal
activity of these products as pre-
viously mentioned in the text. In
plate 1, figure 4, the differences are:
shown in the relative germicidal ac-
tivities of rosin acid soaps of differ-
ent structure at a concentration of
0.1 per cent as tested against Staphy-
lococcus aureus.

In plate 2, figures 1 and 2
show the survival curves for Staphy-

lococcus aureus as influenced by in-



creasing the pH of sodium hydroxide
solutions and 0.25 per cent solutions
of linseed oil and slash rosin soaps
from 10 to 11. Here the increase in
the germicidal activity of soap solu-
tions with the higher pH values ‘is
strikingly illustrated. In plate 2,
figures 3 and 4 show the effect of
temperature and pH on the germi-
cidal activity of aqueous solutions
of sodium hydroxide. These effects
may be more clearly visualized from
graphs than from the prior tabular
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presentation and the text discussion.

Plate 3, figure 1 shows the
relative germicidal activity of the
soaps of slash rosin, oxidized rosin
and pyroabietic acid at concentra-
tions ranging from 0.1 ot 2.0 per
cent. The data for tests made at
0.1 and 2.0 per cent were not in-
cluded in the tables in the text. This
figure shows that the relative effec-
tiveness of these three soaps against
Staphylococcus aureus as brought out
for one concentration in plate 1,
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PLATE 1

Fig. 1—Relative germicidal activities of some natural oil soaps and
rosin soap in concentrations of 0.5 per cent against Staphylo-

coccus aureus, at 30° C.

Fig. 2—Relative germicidal activities of some pure fatty acid soaps and
sodium abietate in concentrations of 0.25 per cent against
Staphylococcus aureus, at 30° C.

Fig. 3—Relative germicidal activities of soaps made from slash rosin,
oxidized rosin, and pyroabietic acid in concentrations of 0.25
per cent against Staphylococcus aureus, ot 30° C.

Fig. 4—-Relative germicidal activities of the sodium salts of certain
resinic acids in concentrations of 0.1 per cent against Staphylo-
coccus aureus, at 30° C.

figure 3 holds good over the range
of concentrations tested at a given
time interval of exposure.

In plate 3, figures 2 and 3
some of the survival curves with
time for the soap mixtures studied
against both Escherichia coli in con-
centrations of 1 per cent and Staphy-
lococcus aureus, in concentrations of
0.5 per cent, respectively, are given.
Here the increase in the germicidal
activity of the fatty acid soaps by
the addition of rosin soap is plainly
shown by the relative position of the
curves.

Plate 3 figure 4 shows the
greater killing action of rosin soap
compared to coconut oil soap at all
concentrations when Staphylococcus
aureus was the test organism. The
superimposition of the death curves
for Escherichia coli with slash rosin
and coconut oil soap with increasing
concentrations at a 2-minute expos-
ure time brings out the equivalent ac-
tivity of these two soaps against this
organism.

Discussion

The value of a zero count in
the method employed has been dis-
cussed by Halvorson and Zeigler (7).
In these studies zero counts were rare-
ly ever foHowed by any counts other
than zero in any series of exposure
intervals. In fact, the infrequent ap-
pearance of so-called “skips” was a
noteworthy feature of this investiga-
tion. Thus, where a zero count is
recorded, followed by a continuous
succession of zero counts at the longer
intervals, it appears safe to interpret
the results as complete killing.

Solutions of soaps made with
rosin "alone in a concentration of 2
per cent will kill the three organisms
studied. The combination of soap
properties, germicidal action, and the
fact that rosin soaps do not become
rancid with time may make rosin soap
a useful germicide and cleanser for
many purposes.

That the inclusion of rosin or
rosin acid soaps in commercial soaps
would tend to increase their ‘germi-
cidal activity, has been plainly indi-
cated.

Predicting the results a soap
containing rosin will give, when used



for washing the hands, dishes, or in
the home laundry, involves factors
which’cannot be accurately evaluated
from test tube experiments.

A more complete investigation
of the specificities of the soaps of
rosin and individual rosin acids for
different organisms might reveal spe-
cial uses for some of these products.

Conclusions

The following conclusions
were drawn {rom the results of this
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study against Staphylococcus aureus,
and Eberthella

Escherichia coli,
typhi.

Rosin soap solutions were more
active as germicides than equivalent
concentrations of fatty acid soap
solutions.

Mixtures of rosin soaps and
fatty acid soaps were germicidally
more active than the corresponding
fatty acid soaps.

Soaps made from rosins pro-
duced from longleaf pine gum and
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PLATE 2

Fig. 1—Effect of increasing the pH from 10 to 11 on germicidal activity
of 0.25 per cent linseed oil soap at 30° C. against Staphylococcus

aureus.

Fig. 2—Effect of increasing the pH from 10 to 11 on germicidal activity
of 0.25 per cent rosin soap at 30° C. against Staphylococcus

qureus.

Fig. 3—Effect of temperature on germicidal activity of solutions of NaOH
at pH 10-11-12 and 13 as shown by 5-minute exposures of

Staphylococcus aureus.

Fig. 4—Effect of increasing pH on germicidal activity of NaOH solutions
at 30° C. againsi Staphylococcus aureus.

slash pine gum, respectively, had
equivalent germicidal activity.

Oxidation of the unstable
rosin acids reduced the germicidal
activity of the resulting rosin soap.

Soaps made from pyroabietic
acid prepared as described were more
active as germicides than soaps made
from gum rosins.

The sodium soaps of tetra-
hydro-, dihydro-, and freshly pre-
pared abietic acids were more active
as germicides than soaps made from
gum rosins.

Coconut oil soap was germi-
cidally more active against Escheri-
chia coli and Eberthella typhi than
other soaps made from natural fats
and oils. Against these two test or-
ganisms coconut oil soap had an
activity equivalent to that of a normal
gum rosin soap. Rosin soap was
much more active germicidally than
coconut oil soap when Staphylococcus
aureus was used as the test organism.

Soaps made from lauric or
myristic acids, the two principal con-
stituents of coconut oil were more
active against Escherichia coli and
Eberthella typht than coconut oil
soap.

The germicidal activity of the
soaps of the purified rosin “acids
studied increased with the amount of
hydrogen in the rosin acid molecule
when Staphylococcus aureus was used
as the test organism. However, this
correlation of germicidal activity
with the molecular structure did not
hold when: Escherichia coli was used
as the test organism.

Increasing the pH of both
rosin soap solutions and fatty acid
soap solutions above that normal to
the household and toilet soaps in-
creased the germicidal activity of
these solutions.

Solutions of alkalies and alka-
line salts in concentrations that have
a pH of 10 and 11 were only slight-
ly germicidally active. Sodium hy-
droxide solutions did not become
markedly germicidally active until
the pH of the solutions exceeded 11
or the temperature was raised above
40° C.

The germicidal activity of all
soap solutions increased as the tem-
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PLATE 3

Fig. 1—Relative germicidal activity of rosin soap for 2 minutes exposure
of Staphylococcus aureus at 30° C. and various concentrations.

Fig. 2—Relative germicidal activity of 1.0 per cent fatty acid and fatty
acid-rosin soap solutions against Escherichia coli at 30° C.

Fig. 3—Relative germicidal activity of 0.5 per cent fatty acid and fatty
ggiodéosin soap solutions against Staphylococcus aureus at

Fig. 4—Comparison of germicidal activity of rosin soap and coconut oil
soap solutions against Staphylococcus aureus and Escherichia
coli, exposure time 2 minutes.

of Escherichia coli was accomplished
in 2 minutes at 30° C. with a 2 per
cent solution of either rosin soap or
coconut oil soap at pH 10.2.
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Germicidal Activity OF Soaps

A study of the comparative germicidal value of

rosin soaps and soaps of individual fatty acids

Part |l

By L. 8. Stuant and W. D. Polle

IMILAR studies were made on

most of the soaps tested against

Staphylococcus aureus using
Escherichia coli as the test organism.
Counts made from standard loop
suspensions of 24-hour cultures of
this organism, in 15 ml. of physio-
logical saline, indicated that the
initial inoculum of the test solution
was between 2500 and 3500 per
standard loop subsample. This was
less than was found with Staphylo-
coccus aureus. Typical plate counts
for tests with this organism are given
in Table 7.

The results with Escherichia
coli did not show quite such a con-
sistent picture of greater germicidal
activity for the rosin soaps when
compared with fatty acid soaps at
concentrations of 1.0 and 0.5 per
cent. With this test organism equiva-
lent concentrations of coconut oil
soap appear to have a germicidal

activity equal or nearly equal to
rosin soap made from normal gum
rosin. The soaps of lauric and myris-
tic acids are more effective than the
other fatty acid soaps tested. The
tests with pyroabietic acid indicate
an effectiveness about equivalent to
that of lauric and myristic acid.

The results obtained with
purified rosin acids were somewhat
erratic when this test organism was
employed. The order of activity of
the rosin acids appears to be the
reverse of that found with Staphy-
lococcus aureus, but the differences
observed were not great or consistent
at the concentration employed. Ac-
curate duplication of counts with this
organism was more difficult than with
Staphylococcus aureus, and therefore
small differences are probably of
little significance.

The apparent reversal of the
order of activity of the pure rosin

acid soaps with Escherichia coli as
compared to the results with Staphy-
lococcus aureus as the test organism
indicates that the soaps of the various
rosin acids may themselves have some
specificities for different organisms
similar to those observed and re-
ported for the various fatty acid
soaps by Walker (17, 18, 19) and
Eggerth (3).

To establish definitely the
similarity of the resistance of the
strains of Escherichia coli used in
this study with that of Eberthella
typhi, some direct comparisons were
made between the resistance of 24-
hour cultures of the two organisms
to selected rosin and fatty acid soaps
and phenol. The results of these
tests are presented in Table 8.

From the counts in Table 8
it would appear that the resistance
of the culture of Escherichia coli
used to the germicidal action of the

Table 7.—Germicidal Activity at 30° C. of Rosin and Fatty Acid Soap
Solutions at pH 10.2 against Escherichia coli.

Plate Count*

Concentration of Solutions

1.0 Per Cent 0.5 Per Cent 0.25 Per Cent
Exposure time in minutes Exposure time in minutes Exposure time in minutes
Soap Solution 1 2 5 10 20 1 2 5 10 20 1 2 10 20
Made from
Slash pine Rosin.............. 576 5 2 0 0 616 512 124 56 .. 1792 1088 960 640
Pyroabietic Acid .............. 2 0 0 0 0 12 11 6 .. 2048 512 288 96
Dehydroabietic Acid .......... 3 0 0 0 0 384 384 304 . 1664 704 448 320
Abietic Acid ....... .. ...t 144 0 0 0 0 304 148 53 24 1328 704 448 320
Dihydroabietic Acid .......... 88 7 0 0 0 . 400 104 48 .. . 960 960 852 ..
Tetrahydroabietic Acid ....... 640 512 10 0 0 1792 1216 960 640 448 1536 1280 1216 1152 1152
Caprylic Acid ................ 960 640 57 3 0 1536 1472 832 576 384 2438 2438 2438 2240 2240
Lauric Acid ............ ... ... 6 0 0 0 0 64 53 89 16 9 832 640 512 512 512
Myristic Acid ......... ... ... 32 20 4 0 0 374 108 74 26 17 460 640 448 148 98
Oleic Acid ........ccoiiiit. .. 52 54 23 .. 1280 832 576 448 384 1984 1728 1664 704 704
Stearic Acid ........ ... il .. .. .. .. .. .. .. .. .. .. 2816 2816 2816 2816 2304
Palm Oil Acids................ 2240 2240 2240 2240 2240 29240 1920 1920 1920 1920 2437 2432 2432 2432 2432
Coconut Oil Acids............. 18 5 0 0 0 704 512 256 256 256 768 512 204 128 96
PHENOL3® ............... 0 0 0 0 0 2304 2112 896 96 32 3585 3392 3392 3200 3520

1 Control plate count approximately 3,000.

2 Not run at the concentration or exposure interval indicated by..

8 Phenol tested in water solution at pH 6.2 made up and standardized ac

cording to Ruehle and Brewer (14).

I



Table 8.—Germicidal Activity at 30° C. of Rosin and Fatty Acid
Soap Solutions at pH 10.2 against Escherichia coli and
Eberthella typhi.

Plate count

Escherichiacoli  Eberthella typhi
Exposure time Exposure time
Soap Concentration in minutes in minutes

solution of solution 2 5 10 5 10
Made from Per cent

Slash pine Rosin ..... 2 0 0 0 0 0 0
Coconut Qil .......... 2 0 0 0 0 0 0
Slash Rosin ......... 1 5 2 0 2 0 0
Coconut Oil .......... 1 5 0 0 3 2 0
Oleic Acid ........... 1 576 192 6 52 54 23
Pyroabietic Acid ..... 1 0 0 0 0 0 0
Palm Oil ............ 1 2240 2240 2240 888 472 388
NaCI* ................ 0.85 2432 2112 2112 2560 2560 2560
Phenol® .............. 1 0 0 0 0 0 0
Phenol®> .............. 0.5 2112 896 96 1680 384 320

1 Physiologiaal saline, pH 7.0.
? Phenol tested in water solution at pH 6.2. Standardized according to Ruehle and Brewer (14).

materials studied was essentially the
same as that of Eberthella typhi. Both
organisms were completely killed by
2 per cent coconut oil soap and 2
per cent rosin soap. The resistance
of both organisms to 1.0 per cent
solutions of the soaps of rosin, coco-
nut oil, oleic acid, pyroabietic acid,
and palm oil was about the same.
Both organisms were completely
killed by 1.0 per cent phenol, yet
both were not killed by 0.5 per cent
phenol at pH 6.2.

The results in Tables 7 and 8
on the whole indicate that soap made
with normal gum rosin has about
the same order of activity against
Escherichia coli and Eberthella typhi
as coconut oil soap. The sodium
soaps of pyroabietic acid, lauric acid,

and myristic acid are slightly more
effective than either the soap of gum
rosin or coconut oil.

In the manufacture of soaps
containing rosin soap the ratio of
fatty acid to rosin may be as much
as 2 to 1. Since rosin is always
used with fatty acids in household
soaps, the germicidal activity of fatty
acid-rosin soaps, compared to fatty
acid and rosin soaps individually, is
of interest. Tables 9 and 10 give
the results from tests made upon
several mixtures of fatty acids and
rosin in the form of soap against
Staphylococcus aureus and [Esche-
richia coli. These tests indicate that
a soap solution containing fatty
acids and rosin in the ratio of 3 to 1
is more active against Staphylococcus

aureus than one containing fatty acids
alone. At concentrations of 0.5 and
0.25 per cent the influence of the
rosin (slash pine rosin) on the germ-
icidal activity of the soap solution
is less, diminishing as.the concentra-
tion of the soap acids is reduced.

With Escherichia coli, the
specificity of coconut oil soap
observed in the previous tests again
appears. The addition of coconut
oil and slash pine rosin soaps to
palm oil soap increases its germicidal
activity to about the same extent.
However, the addition of slash pine
rosin soap to coconut oil soap defi-
nitely increased the germicidal ac-
tivity of the coconut oil soap. There
is no apparent explanation for this
increase in the activity of coconut
oil soap with the addition of rosin
soap when Escherichia coli is used
as the test organism. The observa-
tion has been verified and may be
due to the effect of rosin soap on
certain of the physical properties of
the solutions. .

Some difficulty was encoun-
tered in these studies in obtaining
checks with the same soap solutions
which contained palm oil, palmitic,
or stearic acids in concentrations
that tended to gel on standing at
room temperature. The rate of set-
ting of the gel, state of gel, and age
of the gel all seemed to exert some
influence on germicidal activity.
Tests made on semi-rigid gels brought
up to 30° C. in a water bath usually

Table 9.—Germicidal Activity at 30° C. of Fatty Acid and Fatty Acid-
Rosin Soap Solutions at pH 10.2 against Staphylococcus aureus.
Plate Count?

Concentration of Solutions

Ratio of 1.0 Per Cent 0.5 Per Cent 0.25 Per Cent
Cemponents Exposure time in minutes Exposure time in minutes Exposure time in minutes

Soap Solution by Weight 1 2 5 10 20 1 5 10 20 1 2 5 10 20

Made from
Slash pine Rosin® .... 1 0 0 0 0 5 0 0 0 0 238 118 51 32 15
Coconut Oil Acids..... 23 8 8 6 2 104 76 39 23 10 248 116 88 57 12
Palm Oil Acids........ 2416 312 288 252 252 1152 1152 704 640 512 1408 1408 1152 768 704
Palm Oil Acids

Coconut Oil Acids. .. 576 320 111 97 36 640 256 127 124 54 704 502 438 134 56
Palm Oil Acids—

Slash pine Rosin..... 3-1 176 9 6 1 1 704 92 48 42 320 244 132 96 26
Coconut Oil Acids—

Slash pine Rosin..... 3-1 20 15 0 0 0 11 3 3 0 0 92 20 20 10
Palm Oil Acids—

Coconut Oil Acids—

Slash pine Rosin..... 2-1-1 47 24 12 11 7 52 48 23 12 13 211 136 110 66 24

% Control plate count 3 to 4 thousand.
? Slash pine rosins used in all combinations,



ing upon the individual acid and con-
centration. Sodium laurate and res-
inate -have characteristic pH values
lower than those of the principal
fatty acid soaps found in the usual
commercial soaps. Thus, the influ-
ence of the common ion added with
the 0.01 per cent sodium carbonate
buffer was as great with those mate-
rials as with any of the materials
studied. Increasing the pH of these
soaps to 10.2 with Na,CO, did not
alter appreciably their germicidal
properties. The addition of 0.01 per
cent sodium carbonate to sodium
stearate and sodium palmitate, which
have pH values without the addition
of buffer slightly higher than 10, did
not affect appreciably the pH values.
Therefore, for the sake of uniformity
sodium carbonate was used in all
solutions. The small common ion
effect was the same for all solutions.

To determine the influence of
sodium carbonate buffer at the higher
concentration of 0.2 per cent, and
thus at the corresponding higher pH

a Tt mvepey vvsawau lausaiv auu
sodium oleate were tested at about
pH 10 and 11 using 0.01 and 0.2 per
cent sodium carbonate, respectively.
The results of this study, as shown
in Table 4, indicate that increasing
the pH value from approximately 10
to 11 does increase the germicidal
action of the three soaps at the con-
centrations tested.

Care was taken, therefore, not
to exceed pH values common to 1.0,
0.5, and 0.25 per cent solutions of
commercial soaps. The germicidal
activity under these conditions should
reflect primarily the activity of the
soaps themselves.

Fatty acids and rosin acid
soap solutions were prepared, as de-
scribed, with sodium carbonate at
pH 10.2 and tested at 30° C. using
Staphylococcus aureus as the test or-
ganism. Typical data from determi-
nations on solutions containing 1.0,
0.5, and 0.25 per cent fatty acid, rosin
or rosin acids in the form of soap are
given in Table 5.

Table 3.—Influence of 0.01 per cent Sodium Carbonate Buffer on Ger-
micidal Action of Sodium Laurate and Sodium Resinate,
using Staphylococcus aureus as the test organism.

Plate count*

Soap Concentration pH of Exposure time in minutes

solution of solution solution? 2 5 10 20
Per cent

Sodium laurate

with buffer ............... 0.25 10.2 256 192 92 88
Sodium laurate

without buffer ............ 0.25 9.2 248 144 108 47
Sodium resinate

with buffer ............... 0.25 10.2 184 105 85 52
Sodium resinate

without buffer ............ 0.25 94 368 206 138 63

1 Control plate count 3 to 4 thousand.

? pH measured with a glass electrode (Beckman pH meter).

Table 4.—Effect of pH on the Germicidal Activity at 30° C. of
Soap Solutions buffered with Sodium Carbonate using

Staphylococcus aureus.

Plate count!

Soap Concentration pH of Exposure time in minutes
solution of solution solution 1 2 5 10 20
Made from Per cent
Slash pine Rosin .... 0.25 10.0 251 184 105 85 52
Slash pine Rosin .... 0.25 11.1 42 10 1 0 0
Lauric Acid ......... 1.0 10.0 22 12 9 8 6
Lauric Acid ......... 1.0 11.1 52 17 5 0 0
Oleic Acid........... 1.0 10.2 576 20 3 2 2
Oleic Acid .......... 1.0 11.1 196 29 1 0 0

1 Control plate count 3 to 4 thousand.
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the test organism the rosin soap solu-
tions at concentrations of 1.0 and 0.5
per cent have greater germicidal ac-
tivity than equivalent concentrations
of fatty acid soaps. :

With this organism there is
little or no difference in the bac-
tericidal activity of rosin soap solu-
tions made from either longleaf or
slash pine rosin at concentrations of
10, 0.5, and 0.25 per cent. Soap
solutions made from oxidized rosin
are less germicidal than soaps made
from normal gum rosin. Rosin soap
made with pyroabietic acids is more
active than that made with normal
gum rosin. In 0.25 per cent solution
the sodium salts of abietict, dihydro-
abietic and tetrahydroabietic acids are
more effective in killing the test or-
ganism than the other rosin soap solu-
tions. The sodium salt of dehydro-
abietic acid was definitely less effec-
tive as a germicide at 1.0, 0.5, and
0.25 per cent concentrations than
those of abietic, dihydroabietic or
tetrahydroabietic acids. The salts of
the last named acids were so active
at concentrations of 1.0, 0.5 and 0.25
per cent that no distinction could be
made. Considerable variation is shown
in the activity of the fatty acid soaps
made from individual fatty acids.
Similar variations have been pointed
out by previous workers (8, 18).

With Staphylococus aureus as
the test organism, the soaps of oleic
and linseed oil acids were slightly
more effective than coconut oil soap.
This agrees with the observations by
Walker (18) and Cade and Halvorson
(2) that the soaps of the unsaturated
fatty acids were active against this
organism. The soaps of caprylic,
stearic and palmitic acids were less
effective. The soaps of myristic and
lauric acids were relatively more ac-
tive against this organism than pre-
vious reports seem to have indicated.

For purposes of comparison
with a germicide of known activity,
results with equivalent concentrations
of phenol (pH 6.2) were included in

1 Rosin soap solutions made with abietic acid
were tested when prepared as the germicidal
activity decreased on standing, due no doubt to
oxidation.



solutions are more active as germi-
cides under the conditions of these
tests than equivalent concentrations
of aqueous phenol.

To determine the comparative
activity of the rosin soaps made from
dehydroabietic, dihydroabietic and
tetrahydroabietic acid against Stap-
hylococcus aureus, tests were run on
0.1 per cent solutions. These results
are presented in Table 6.

The results in Table 6 show
that the order of increasing germi-
cidal activity of these rosin acid soaps
is as follows: Dehydroabietic, abi-
etic, dihydroabietic, tetrahydroabietic.
With this organism, there seems to
be a direct correlation between the
amount of hydrogen-in the rosin acid
molecule and germicidal activity.
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A bleaching and cleansing

agent which reduces and dissolves

‘iron compounds in an alkaline or

neutral solution has been announced
by General Dyestuff Corp., New York.
The compound, called “Burmol Ex-
tra,” is a soluble white powder. In
aqueous solution it is slightly alka-
line and is stable for some time.
Applications are for removing rust
spots from white goods or for treating
spotted or vellowed white goods dur-
ing or after the washing process, and
for bleaching textiles which are dis-
colored by contact with water con-
taining iron. The compound is used
in 0.2-2 per cent solution. With alkali-
sensitive materials such as wool and
silk the product is used at a low
temperature but with cotton goods it
may be added to hot solutions. Rins-
ing should follow the treatment. Tex-
tile World 90, 92 (1940).

C. of Rosin and Fatty Acid Soap
t Staphylococcus aureus.

Plate Count

Soap Solution

1.0 Per Cent
Exposure time in minutes
1

2

Concentration of Solutions

5 10 20 1 5

0.5 Per Cent
Exposure time in minutes

10

0.25 Per Cent
Exposure time in minutes

20 1 2 5 10 20

Made from

Slash pine Rosin.............. 12 0 0 0 0 6 0 0 0 0 251 184 105 85 52
Longleaf pine Rosin........... 0 0 0 0 0 5 0 0 0 238 118 51 32 15
Oxidized Rosin ............... 0 0 0 0 0 46 31 41 2 1 616 528 368 252 240
Pyroabietic Acid ............. 1 0 0 0 0 0 0 0 0 0 20 19 3 0 0
Dehydroabietic Acid .......... 28 0 0 0 0 49 22 5 4 1 584 520 320 248 136
Abietic Acid ................. 2 1 0 0 0 0 0 0 0 0 10 0 0 0 0
Dihydroabietic Acid .......... 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tetrahydroabietic Acid ....... 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Caprylic Acid ................ 1344 832 768 512 384 704 640 640 640 640 1472 1349 906 768 704
Lauric Aoid ................ .. 22 22 9 8 6 44 6 5 2 3 256 256 192 92 88
Myristic Acid ................ 42 38 38 37 37 78 52 48 42 9 93 58 19 16 11
Palmitic Acid .............. .. 2 .. .. .. .. 2112 1472 832 412 264 2048 2048 1344 1280 400
Stearic Acid ................ .. 2 .. .. .. .. 1920 1826 1762 1536 1536 1280 1024 502 502 502
Oleic Acid".............. ... .. 576 20 3 2 2 768 512 7 - 4 4 960 768 384 320 36
Linseed Oil Acids............. 448 124 8 8 0 512 448 246 76 55 2048 1920 704 448 77
Coconut Oil Acids............ 258 156 78 76 34 704 576 224 142 92 832 832 576 384 124
Palm Oil Acids............. .. 1024 448 84 28 23 1024 512 182 92 50 640 440 256 94 37

PHENOL® ... ........ ... ... 114 7 0 0 0 1664 1408 1036 176 20 1664 1664 1664 1600 640

L Control plate count 3 to 4 thousand.

2 Not tested due to forma\‘.ion.of rigid gel at this concentration.
3 Phenol tested in water solutions pH 6.2 standardized according to Ruehle and Brewer (14).



